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Abstract Protocols were developed to optimize adventi-

tious shoot regeneration from four southern highbush

blueberry cultivars. Leaf explants from 6 week-old shoots

of the four cultivars were excised and cultured on woody

plant medium each containing thidiazuron (4.54 or

9.08 lM), zeatin (18.2 lM), or zeatin riboside (5.7 or

11.4 lM) either separately or in combination with

a-naphthaleneacetic acid at 2.69 lM. Optimum medium

for shoot regeneration was genotype-dependent. Efficient

regeneration was obtained at frequencies of 88.9% for

‘Jewel’, 87.8% for ‘Emerald’, 53.3% for ‘Jubilee’ and

87.8% for ‘Biloxi’. Leaf explants of newly developed

shoots from the cultures having undergone five subcultures

had higher regeneration frequencies than those having

undergone two subcultures. Regenerated shoots, 80–100%

for each cultivar, rooted in 8 weeks after transplantation to

soil. The regeneration systems described have potential use

in genetic transformation of southern highbush blueberry

cultivars.

Keywords Organogenesis � Plant regeneration �
Vaccinium corymbosum

Abbreviations

MS Murashige and Skoog

NAA a-naphthaleneacetic acid

TDZ Thidiazuron

WPM Woody plant medium

Introduction

Vaccinium fruits are considered health-promoting foods

because of the relatively high antioxidant and anti-

inflammatory capacities (Prior et al. 1998; Ehlenfeldt and

Prior 2001; Conner et al. 2002a; b; Zheng and Wang 2003;

USDA-ARS 2007). Three Vaccinium fruit crops (blue-

berry, cranberry, and lingonberry) have been domesticated

in the twentieth century (Galletta and Ballington 1996;

Lyrene et al. 2003; Hancock et al. 2008a). Of these, the

highbush blueberry is by far the most important commer-

cial crop. From 1995 to 2007, worldwide blueberry acreage

grew, from 23,116 to 58,601 ha (Lehnert 2008).

Vaccinium cultivars are generated exclusively through

traditionally controlled hybridization and deliberate

selection. Recombinant DNA and transformation tech-

niques have been reported that can supplement and extend

conventional breeding methods for cranberry (Serres et al.

1992, 1997; Polashock and Vorsa 2002a; b; Zeldin et al.

2002) and blueberry (Graham et al. 1996; Song and Sink

2004; Song et al. 2008). While transgenic breeding can

play an important role in introducing desirable agronomic

traits not possible by conventional breeding into com-

mercial Vaccinium varieties, it is obvious that reliable,

efficient transformation protocols must first be developed

(Polashock and Vorsa 2002a; McCown and Zeldin 2005;

Rowland and Hammerschlag 2005; Hancock et al.

2008b).
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Plant regeneration is a prerequisite step for genetic

transformation and is usually influenced by biotic factors

including genotype, explant type, and abiotic factors such as

culture media and environmental conditions. Although plant

cell totipotency theoretically enables any of the cells to

retain the ability to regenerate whole new plants through

organogenesis or somatic embryogenesis, the regeneration

capacity of plant cells usually varies between species, cul-

tivars, and explant types (Ganeshan et al. 2002). Successful

plant regeneration has been reported for five Vaccinium

species, including lowbush blueberry (V. angustifolium Ait.)

(Nickerson and Hall 1976; Nickerson 1978, 1980; Dweikat

and Lyrene 1988), highbush blueberry (V. corymbosum L.)

(Billings et al. 1988; Callow et al. 1989; Rowland and Ogden

1992, 1993; Hruskoci and Read 1993; Cao and Hammers-

chlag 2000; Song and Sink 2004), large cranberry (V. mac-

rocarpon Ait.) (Serres et al. 1992, 1997; Marcotrigiano et al.

1996; Qu et al. 2000), lingonberry (V. vitis-idaea L.)

(Debnath and McRae 2002; Debnath 2005; Meiners et al.

2007), and bilberry (V. myrtillus L.) (Shibli and Smith 1996).

Most of the regeneration occurred via organogenesis.

For southern highbush blueberries, adventitious shoot

regeneration using leaf explants has been reported for two

hybrid cultivars ‘Legacy’ (73.4% V. corymbosum, 1.6%

V. angustifolium, and 25% V. darrowi) and ‘Ozarkblue’

(77.4% V. corymbosum, 3.9% V. angustifolium, and 11.3%

V. darrowi) (Song and Sink 2004; Meiners et al. 2007). In

addition, transgenic ‘Legacy’ plants with herbicide resis-

tance have been produced and field trials have been carried

out (Song et al. 2007, 2008). However, with the wide

differences in genetic composition of southern highbush

cultivars (Brevis et al. 2008; Ballington 2009), systematic

studies are still needed to optimize regeneration systems

for individual cultivars. In the present study, we developed

efficient regeneration systems for four selected southern

highbush cultivars using leaf explants and found that both

cultivar source and physiological status of leaf explants

affected shoot regeneration. The protocol reported has

potential use in optimizing shoot regeneration systems for

other Vaccinium species.

Materials and methods

Plant materials and culture media

Softwood cuttings from greenhouse-grown plants of four

southern highbush cultivars ‘Biloxi’, ‘Emerald’, ‘Jewel’,

and ‘Jubilee’ were surface sterilized with 70% (v/v)

ethanol for 30 s and 3% sodium hypochlorite containing

0.02% (v/v) Tween 20 for 10 min, followed by three rinses

in sterile deionized water. Single-node explants, about

0.5–2 cm in length, were transferred into culture tubes

(150 9 25 mm) each containing 10 ml modified

Murashige and Skoog (1962) medium (MS) containing

one-half-strength inorganic salts with 0.4 mg l-1 thia-

mine-HCl, 100 mg l-1 myo-inositol, 25 lM 6(c,c dim-

ethylallylamino)-purine (2-isopentenyladenine) (2ip), 2%

sucrose, 0.6% Bacto-agar, and pH adjusted to 5.2. After

6 weeks. Six to ten newly developed shoots, 2–6 cm in

length, were placed horizontally in 40 9 100 mm glass

jars containing 30 ml of modified woody plant medium

(WPM) (Lloyd and McCown 1980) containing WPM salts

and MS vitamins plus 9.12 lM zeatin, 2.35 mM

Ca(NO3)2�4H2O, 2% sucrose, and solidified with 0.6%

Bacto-agar, pH 5.2 (Rowland and Ogden 1992; Song and

Sink 2004). They were cultured for an additional 6 weeks.

Proliferating shoots were subcultured every 6–8 weeks.

Newly developed shoots from the cultures having under-

gone two and five subcultures, respectively, were used as

the sources for leaf explants except where otherwise stated.

All the cultures were maintained at 25�C under a 16-h

photoperiod of 30 lE m-2 s-1 from cool white fluorescent

tubes.

All media were autoclaved at 121�C for 20 min at

105 kPa. Zeatin, zeatin riboside, or thidiazuron (TDZ)

were filter-sterilized through 0.22 lm Millipore filters, and

added to medium cooled to 50–60�C.

Adventitious shoot regeneration

The basal regeneration medium was WPM salts, MS vita-

mins, 2% sucrose, 0.6% Bacto agar, and pH 5.2. Based on

our previous report (Song and Sink 2004) and preliminary

shoot regeneration experiments, three plant growth regu-

lators (PGRs), TDZ (4.54 or 9.08 lM), zeatin (18.2 lM),

and zeatin riboside (5.7 or 11.4 lM), were tested either

separately or each in combination with a-naphthaleneacetic

acid (NAA) at 2.69 lM resulting in ten regeneration

treatments (Table 1).

Leaf explants, about 4–8 mm long and excluding the

three youngest leaves near the tip of each shoot, were

excised from 6 week-old shoots newly developed from the

cultures that had undergone two and five subcultures on

modified WPM containing 9.12 lM zeatin, respectively.

After removing the petiole and the distal third portion of

the blade, the remaining proximal section was the explant

used for shoot regeneration.

Freshly prepared explants, ten per petri-dish

(100 9 20 mm) and three dishes per treatment, were

placed onto 30 ml regeneration medium with the abaxial

surfaces in contact with the medium. Petri dishes were

incubated in the dark at 25 ± 1�C for 2 weeks before

exposure to a 16-h photoperiod of 30 lE m-2 s-1 from

cool white fluorescent tubes. Transfer of the explants to

fresh medium was performed every 4 weeks. After
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12 weeks culture, regeneration frequency (percentage of

the leaf explants with at least one shoot) and number of

shoots per explant were recorded.

Ten regenerated explants for each cultivar were ran-

domly selected and transferred in 40 9 100 mm glass jars

each containing 30 ml of modified WPM plus 9.12 lM

zeatin for continued growth. The cultures were grown at

25�C under a 16-h photoperiod of 30 lE m-2 s-1 for

8 weeks. Ten elongated shoots, 3–5 cm in length, were

then selected for rooting from the optimum regeneration

medium for each cultivar.

Rooting

Rooting of regenerated shoots was conducted as described

by Song and Sink (2006). Elongated shoots, 3–5 cm in

length, were excised and inserted directly in water-soaked

sphagnum moss in 6-paks cell trays (Novosel Enterprises,

PA, USA). In each experiment, 20 shoots for each cultivar,

including ten regenerated shoots and ten micropropagated

shoots, were tested for rooting. The cell trays were covered

with transparent plastic covers and cultured at 25�C under a

16-h photoperiod of 30 lE m-2 s-1. After 6 weeks, the

plastic covers were progressively opened and removed.

Percentage of rooting was recorded after 8 weeks. All

plants were transplanted into 4-inch plastic pots containing

water soaked sphagnum peat moss (Fafard Peat Moss Co.,

Ltd. Inkerman, NB, Canada) and Suremix Perlite planting

medium (Michigan Grower Products Inc., Galesburg, MI,

USA) (v/v = 1:1). They were watered as needed and fer-

tilized weekly using a nutrient solution of 0.2 g/L 21-7-7

acid fertilizer.

Experimental design and data analysis

All experiments were conducted three times in completely

randomized designs. Data for shoot regeneration were

analyzed for significance by the standard analysis of vari-

ance (ANOVA) with mean separation by Duncan’s test

(P = 0.05); the PROC GLM or ANOVA of SAS 9.2 (SAS

Institute, Cary, NC) was used.

Results and discussion

In vitro shoot growth and proliferation

After six weeks on modified MS containing 25 lM 2ip,

60–85% of the nodal segments from each of the four cul-

tivars were sterile and produced shoots (Fig. 1a). On shoot

proliferation medium containing modified WPM and

9.12 lM zeatin, stabilized uniform shoot cultures were

obtained for all of the four cultivars after four subcultures.

Based on morphological appearance, newly derived shoot

cultures on shoot proliferation medium were not stabilized

during the first two subcultures. They grew vigorously and

5–20% of them showed some stress symptoms such as red

or light green color of stems or leaves. In addition, the

unstabilized shoot cultures had thicker stems, bigger

leaves, and lower proliferation rates in comparison to the

more uniform shoot cultures that were stabilized after four

subcultures (Fig. 1b, c).

Adventitious shoot regeneration from leaf explants

To develop efficient regeneration systems for four culti-

vars, we tested ten PGR treatments. Either the cultivars or

the treatments had a significant effect on shoot regeneration

(Table 1). Depending on the genotype and on the treat-

ment, shoot regeneration was observed via either pattern I,

where the regenerants emerged mostly at the cut edge of

explants or wound sites (Fig. 1d), or pattern II, where

regenerants appeared on the entire surface of the leaf

explants (Fig. 1e). Optimum combination of PGRs for

shoot regeneration was genotype-dependent (Table 1).

‘Jewel’ showed pattern I shoot regeneration, and

regeneration occurred only on the medium containing

4.54 lM TDZ and 2.69 lM NAA (Table 1). ‘Jubilee’ had

optimum regeneration on the same medium as ‘Jewel’ via

pattern I; in addition, shoot regeneration occurred on the

medium containing zeatin riboside (5.7 or 11.4 lM) via

pattern II (Table 1). Both ‘Emerald’ and ‘Bioloxi’ were

amenable to shoot regeneration on different media. On the

media containing TDZ (4.54 or 9.08 lM) alone or in

combination with NAA, most of the regenerated explants

were of pattern I; in contrast, shoot regeneration on the

other media was mostly of the pattern II type. ‘Emerald’

regenerated shoots on seven media, of which five gave over

75% regeneration frequencies. The optimum regeneration

medium for ‘Emerald’ contained either TDZ (4.54 or

9.08 lM), zeatin (18.2 lM), or zeatin riboside (11.4 lM)

(Table 1). Shoot regeneration for ‘Biloxi’ occurred on six

PGR treatments, of which four yielded high regeneration

frequencies; the optimum regeneration medium contained

11.4 lM zeatin riboside (Table 1).

TDZ-induced buds/shoots elongated very slowly on the

same TDZ-containing regeneration medium. On modified

WPM containing 9.12 lM zeatin, regenerated shoots from

all PGR-treatments for each cultivar continued growth and

showed no morphological differences compared to the

parent shoot subcultures. Similarly, a two-step regeneration

strategy, using TDZ to induce bud/shoot formation fol-

lowed by using zeatin to promote shoot elongation, has also

been reported for northern highbush blueberry cultivars and

wild lowbush blueberry (Vaccinium angustifolium Ait.)

(Song and Sink 2004; Debnath 2009).
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WPM is the common basal medium used for plant

regeneration of Vaccinium species. Several PGRs, such as

2ip, zeatin, zeatin riboside, TDZ or NAA, are generally

used for shoot regeneration of Vaccinium species. TDZ

either alone or in combination with NAA or 2ip has

enabled efficient shoot regeneration for Vaccinium

(Hruskoci and Read 1993; Marcotrigiano et al. 1996; Qu

et al. 2000; Cao and Hammerschlag 2000; Cao et al. 2002;

Song and Sink 2004; Debnath 2005; Meiners et al. 2007).

For northern highbush blueberry cultivars, Rowland and

Ogden (1992) found that zeatin riboside was more effective

than either of the cytokinins, 2ip and zeatin, in promoting

shoot regeneration from leaf explants of ‘Sunrise’, whereas

‘Bluecrop’ and ‘Duke’ produced no shoots on any of the

media tested. Using either TDZ (1 or 5 lM) or zeatin

riboside (20 lM) improved adventitious shoot organogen-

esis from leaf explants of five cultivars (Cao and

Hammerschlag 2000; Cao et al. 2002). Our previous

studies showed that optimum PGRs for efficient shoot

regeneration varied among six highbush cultivars, includ-

ing five northern and one southern cultivar ‘Legacy’. Both

TDZ and zeatin allowed efficient shoot regeneration for the

‘Legacy’. TDZ at 1 lM yielded a regeneration frequency

of 86.7% and 2.5 shoots per explants. Similarly, zeatin at

18.2 lM enabled a regeneration frequency of 83.3% and

2.2 (Song and Sink 2004). For another southern highbush

blueberry cultivar ‘Ozarkblue’, Meiners et al. (2007)

reported that 20 lM zeatin was superior to TDZ in

promoting shoot regeneration from 46.3% leaf explants and

the number of shoots per explant was 7.3. Likewise, in this

experiment, our results for four additional cultivars

indicated that optimum PGRs for southern highbush blue-

berries are genotype-dependent. Three PGRs (TDZ, zeatin,

and zeatin riboside) were of importance for shoot regen-

eration. NAA (2.69 lM) in combination with TDZ

(4.54 lM) significantly promoted shoot regeneration of

cultivars ‘Jewell’ and ‘Jubille’ (Table 1). Lower levels of

NAA in combination with TDZ, zeatin, or zeatin riboside

Fig. 1 Establishment of shoot cultures and adventitious shoot

regeneration of southern highbush blueberry cultivars. a Growth of

surface-sterilized branch section of ‘Emerald’ on modified MS

containing 25 lM 2ip after 6 weeks, b Unstabilized shoot cultures

of ‘Emerald’ obtained within the first 2–3 subcultures—note the

variegated and bleached leaves, c Stabilized uniform shoot cultures of

‘Emerald’ obtained by four subcultures. d Pattern I shoot regeneration

for a leaf explant of ‘Jewel’ cultured on WPM containing 4.54 lM

TDZ and 2.69 lM NAA for 12 weeks, e Pattern II shoot regeneration

for a leaf explant of ‘Emerald’ cultured on WPM containing 18.2 lM

Zeatin for 12 weeks, f Rooted shoots grown in the greenhouse for

3 months. Bars 1 cm
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might further improve shoot regeneration but they were not

tested in this study. In compared to the regeneration system

for ‘Legacy’ which allowed a routine transformation using

Agrobacterium tumefacies (Song and Sink 2004; Song

et al. 2008), the optimized regeneration systems for the

four cultivars used in this study have potential use for

transformation studies.

Effect of leaf explants on shoot regeneration

Newly derived shoot cultures from softwood cuttings were

not uniform in appearance during the first three subcultures

due probably to the interaction between endogenous hor-

mones in the shoots and the PGR(s) (2ip or zeatin) added in

shoot induction medium. After four subcultures, the impact

of endogenous hormones was reduced and shoot cultures

with a uniform physiological state were obtained. For all

four cultivars, leaf explants from stabilized uniform shoot

cultures resulted in significantly higher regeneration fre-

quencies than those from unstabilized shoot cultures

(Table 1). These results were consistent with our previous

observations on northern highbush blueberry cultivars

(unpublished data), indicating that the physiology of leaf

explants is important for adventitious shoot regeneration.

The specific physiological state of the initial leaf explants

may be required to initiate more competent cells for

regeneration.

Rooting

In previous reports, ex vitro rooting of in vitro shoots has

been very successful for blueberry cultivars (Lyrene 1981;

Song and Sink 2004; Meiners et al. 2007). Similar results

were obtained in this study. Regenerated shoots, 80–100%

for each cultivar, rooted in 8 weeks after they were trans-

planted into soil. All plants transferred to the greenhouse

survived. For each cultivar, the rooting percentages of

regenerated shoots showed no statistical difference with

those of micropropagated shoots (Table 2). Plant derived

from regeneration, micropropagation and softwood cut-

tings showed no apparent difference in morphology after

3 months growing in the greenhouse (Fig. 1f).

Conclusions

Efficient regeneration systems with high regeneration fre-

quencies (53.3–88.9%) and numbers of shoots per explant

(3.16–13.2) were developed for four southern highbush

blueberry cultivars. The optimum regeneration PGRs for

adventitious shoot regeneration of southern highbush blue-

berries was genotype dependent. Leaf explants from stabi-

lized shoot cultures were preferable to those from

unstablized shoot cultures for efficient regeneration. The

regeneration systems described have potential use in genetic

transformation of southern highbush blueberry cultivars.

Acknowledgments This research was supported in part by MSU

Project GREEEN (Generating Research and Extension to Meet

Economic and Environmental Needs) and in part by a specific

cooperative agreement between the USDA/ARS and MSU.

References

Ballington JR (2009) The role of interspecific hybridization in

blueberry improvement. Acta Hort 810:49–60

Billings SG, Chin CK, Jelenkovic G (1988) Regeneration of blueberry

plantlets from leaf segments. HortScience 23:63–766

Table 2 Rooting of adventitious shoots of four southern highbush blueberry cultivars

Cultivar Source of in vitro shoots Total number

of shoots tested

Total number of shoots

rooted and survived

in the greenhouse

Rooting (%)Z

‘Biloxi’ Regenerated shootsy 30 27 90.0 ab

Micropropagated shootsx 30 28 93.3 ab

‘Emerald’ Regenerated shootsy 30 24 80.0 b

Micropropagated shootsx 30 26 86.7 ab

‘Jewel’ Regenerated shootsy 30 28 93.3 ab

Micropropagated shootsx 30 27 90.0 ab

‘Jubilee’ Regenerated shootsy 30 30 100.0 a

Micropropagated shootsx 30 29 96.7 a

Different letters in the same column denote significant differences at the 5% level by Duncan’s test. n = 24
x The shoots were excised from 8 week-old, stem-derived shoot cultures maintained on modified WPM containing 9.12 lM zeatin
y The shoots were derived from leaf explants on optimum regeneration medium and were subsequently cultured for 8 weeks on modified WPM

containing 9.12 lM zeatin
z Rooting (%) = Total number of shoots rooted and survived in the greenhouse/Total number of shoots tested9100

142 Plant Cell Tiss Organ Cult (2010) 103:137–144

123



Brevis PA, Bassil NV, Ballington JR, Hancock JF (2008) Impact of

wide hybridization on highbush blueberry breeding. J Amer Soc

Hort Sci 133:427–437

Callow P, Haghighi K, Giroux M, Hancock J (1989) In vitro shoot

regeneration on leaf tissue from micropropagated highbush

blueberry. HortScience 24:372–375

Cao X, Hammerschlag FA (2000) Improved shoot organogenesis from

leaf explants of highbush blueberry. HortScience 35:945–947

Cao X, Hammerschlag FA, Douglass L (2002) A two step pretreat-

ment significantly enhances shoot organogenesis from leaf

explants of highbush blueberry cv. ‘Bluecrop’. HortScience

37:819–821

Conner AM, Luby JJ, Tong CBS (2002a) Variability in antioxidant

activity in blueberry and correlations among different antioxi-

dant assays. J Amer Soc Hort Sci 127:238–244

Conner AM, Luby JJ, Tong CBS, Finn CE, Hancock JF (2002b)

Genotypic and environmental variation in antioxidant activity,

total phenolics and anthocyanin content among blueberry

cultivars. J Amer Soc Hort Sci 127:89–97

Debnath SC (2005) A two-step procedure for adventitious shoot

regeneration from in vitro-derived lingonberry leaves: shoot

induction with TDZ and shoot elongation using zeatin. Hort-

Science 40:189–192

Debnath SC (2009) A two-step procedure for adventitious shoot

regeneration on excised leaves of lowbush blueberry. In Vitro

Cell Dev Biol Plant 45:122–128

Debnath SC, McRae KB (2002) An efficient shoot regeneration

system on excised leaves of micropropagated lingonberry

(Vaccinium vitis-idaea L.). J Hortic Sci Biotechnol 77:744–752

Dweikat IM, Lyrene PM (1988) Adventitious shoot production from

leaves of blueberry cultured in vitro. HortScience 23:629

Ehlenfeldt MK, Prior RL (2001) Oxygen radical absorbance capacity

(ORAC) and phenolic and anthocyanin concentrations in fruit

and leaf tissues of highbush blueberry. J Agric Food Chem

49:2222–2227

Galletta GJ, Ballington JR (1996) Blueberries, cranberries and

lingonberries. In: Janick J, Moore JN (eds) Fruit breeding.Vol

II.Vine and small fruit crops. Wiley, New York, pp 1–107

Ganeshan S, Caswell KL, Kartha KK, Chibbar RN (2002) Shoot

regeneration and proliferation. In: Khachatourians GG, McHug-

hen A, Scorza R, Nip WK, Hui YH (eds) Transgenic plants and

crops. Marcel Dekker, Inc, New York, pp 69–84

Graham J, Greig K, McNicol RJ (1996) Transformation of blueberry

without antibiotic selection. Ann Appl Bio 128:557–564

Hancock JF, Lyrene P, Finn CE, Vorsa N, Lobos GA (2008a)

Blueberries and cranberries. In: Hancock JF (ed) Temperate fruit

crop breeding. Springer, Berlin, pp 115–149

Hancock JF, Song GQ, Sink KC (2008b) Berry crops. In: Kole C, Hall

TC (eds) A compendium of transgenic crop plants, vol 4. Wiley,

New York, pp 93–120

Hruskoci JD, Read PE (1993) In vitro shoot regeneration from

internode segments and internode-derived callus of blueberry

(Vaccinium Spp.). Acta Hort 346:125–130

Lehnert D (2008) Blueberry production is skyrocketing worldwide.

The Fruit Growers News. Internet site: http://www.

fruitgrowersnews.com/pages/arts.php?ns5908 (Accessed Octo-

ber 31, 2009)

Lloyd E, McCown BH (1980) Commercially feasible micropropaga-

tion of mountain laurel, Kalmia latifolia, by use of shoot tip

culture. Proc Intl Plant Prop Soc 30:421–427

Lyrene PM (1981) Juvenility and production of fast-rooting cuttings

from blueberry shoot cultures. J Amer Soc Hort Sci 106:396–398

Lyrene PM, Vorsa N, Ballingto NR (2003) Polyploidy and sexual

polyploidization in the genus Vaccinium. Euphytica 133:27–36

Marcotrigiano M, McGlew SP, Hackett G, Chawla B (1996) Shoot

regeneration from tissue-cultured leaves of the American

cranberry (Vaccinium macrocarpon). Plant Cell Tiss Org Cult

44:195–199

McCown BH, Zeldin EL (2005) Vaccinium. spp cranberry. In: Litz

RE (ed) Biotechnology of fruit and nut crops. Biotechnology in

agriculture series no. 29. CAB International, Wallingford, pp

247–261

Meiners J, Schwab M, Szankowski I (2007) Efficient in vitro

regeneration system for Vaccinium species. Plant Cell Tiss Org

Cult 89:169–176

Murashige T, Skoog F (1962) A revised medium for rapid growth and

bioassay with tobacco tissue cultures. Physiol Plant 15:473–497

Nickerson NL (1978) In vitro shoot formation in lowbush blueberry

seedling explants. HortScience 13:398

Nickerson NL (1980) Promotion by tryptophan of growth and root

formation in lowbush blueberry pericarp callus cultures. Can J

Bot 58:881–885

Nickerson NL, Hall IV (1976) Callus formation in stem internode

sections of lowbush blueberry (Vaccinium angustifolium Ait.)

cultured on a medium containing plant growth regulators. Hortic

Res 16:29–35

Polashock J, Vorsa N (2002a) Cranberry transformation and regen-

eration. In: Khachatourians GG, McHughen A, Scorza R, Nip

WK, Hui YH (eds) Transgenic plants and crops. Marcel Dekker,

Inc., New York, USA, pp 383–396

Polashock J, Vorsa N (2002b) Breeding and biotechnology: a

combined approach to cranberry improvement. Acta Hort

574:171–174

Prior RL, Cao G, Martin A, Sofic E, McEwen J, O’Brien C, Lischner

N, Ehlenfeldt M, Kalt W, Krewer G, Mainand CM (1998)

Antioxidant capacity as influenced by total phenolic and

anthocyanin content, maturity, and variety of Vaccinium species.

J Agric Food Chem 46:2686–2693

Qu L, Polashock J, Vorsa N (2000) A highly efficient in vitro

cranberry regeneration system using leaf explants. HortScience

35:948–952

Rowland LJ, Hammerschlag FA (2005) Vaccinium spp. Blueberry. In:

Litz RE (ed) Biotechnology of fruit and nut crops. CABI

Publishing, Cambridge, pp 222–246

Rowland LJ, Ogden EL (1992) Use of a cytokinin conjugate for

efficient shoot regeneration from leaf sections of highbush

blueberry. HortScience 27:1127–1129

Rowland LJ, Ogden EL (1993) Efficient shoot regeneration from leaf

sections of highbush blueberry suitable for use in Agrobacte-
rium-mediated transformations. Acta Hort 336:193–198

Serres R, McCown B, Zeldin E (1997) Detectable b-glucuron-

idase activity in transgenic cranberry is affected by endog-

enous inhibitors and plant development. Plant Cell Rep 16:

641–647

Serres R, Stang E, McCabe D, Russell D, Mahr D, McCown B (1992)

Gene transfer using electric discharge particle bombardment and

recovery of transformed cranberry plants. J Amer Soc Hort Sci

117:174–180

Shibli RA, Smith MAL (1996) Direct shoot regeneration from

Vaccinium pahlae (Othelo) and V. myrtillus (bilberry) leaf

explants. HortScience 31:1225–1228

Song G-Q, Sink KC (2004) Agrobacterium tumefaciens-mediated

transformation of blueberry (Vaccinium corymbosum L.). Plant

Cell Rep 23:475–484

Song G-Q, Sink KC (2006) Agrobacterium-mediated transformation

of highbush blueberry (Vaccinium corymbosum L.) cultivars. In:

Wang K (ed) Agrobacterium Protocols (2nd Edition)—methods

in molecular biology 344. Humana, Totowa, pp 37–44

Song G-Q, Roggers RA, Sink KC, Particka M, Zandstra B (2007)

Production of herbicide-resistant highbush blueberry ‘Legacy’

by Agrobacterium-mediated transformation of the Bar gene.

Acta Hort 738:397–407

Plant Cell Tiss Organ Cult (2010) 103:137–144 143

123

http://www.fruitgrowersnews.com/pages/arts.php?ns5908
http://www.fruitgrowersnews.com/pages/arts.php?ns5908


Song G-Q, Sink KC, Callow PW, Baugham R, Hancock JF

(2008) Evaluation of different promoters for production of

herbicide-resistant blueberry plants. J Amer Soc Hort Sci

133:605–611

USDA-ARS (2007) Oxygen radical absorbance capacity of selected

foods- 2007. Nov 26th, 2009. http://www.ars.usda.gov/

SP2UserFiles/Place/12354500/Data/ORAC/ORAC07.pdf

Zeldin EL, Jury TP, Serres RA, McCown BH (2002) Tolerance to the

herbicide glufosinate in transgenic cranberry (Vaccinium mac-
rocarpon Ait.) and enhancement of tolerance in progeny. J Amer

Soc Hort Sci 127:502–507

Zheng W, Wang SY (2003) Oxygen radical absorbing capacity of

phenolics in blueberries, cranberries, chokeberries, and lingon-

berries. J Agric Food Chem 51:502–509

144 Plant Cell Tiss Organ Cult (2010) 103:137–144

123

http://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/ORAC/ORAC07.pdf
http://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/ORAC/ORAC07.pdf

	Adventitious shoot regeneration from leaf explants of southern highbush blueberry cultivars
	Abstract
	Introduction
	Materials and methods
	Plant materials and culture media
	Adventitious shoot regeneration
	Rooting
	Experimental design and data analysis

	Results and discussion
	In vitro shoot growth and proliferation
	Adventitious shoot regeneration from leaf explants
	Effect of leaf explants on shoot regeneration
	Rooting

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


